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(54) Optical transmitter, multiple wavelength optical transmitter and optical transmission method 



(57) An optical transmitter according to the present 
invention stops the output of a signal light and transmits 
a dummy light, upon an occurrence of abnormality of the 
signal light output. If an abnormality detection circuit 
placed in the optical transmitter detects either a change 
in the power of the signal light or a change in the wave- 
length at least, a monitoring circuit stops the output of 



the signal light, and transmits a continuous light, which 
has the same power and wavelength as those of a nor- 
mal signal light, as a dummy light. The dummy light is 
output just after an abnormality of a signal light has been 
detected. Otherwise, the dummy light is always trans- 
mitted, and it is output from the optical transmitter by 
changing over an optical switch. 



CM 
< 
CD 

a> 



Q. 

LU 



2 



TRANSMISSION 
CIRCUIT 



JUL 



DUMMY 
MONFTORING I UGHT 
ciRcun- ^^HwiL 



4 



TRANSMISSION 

ciRcun- 



2 

±1 



TRANSMISSION 
CIRCUIT 



MONn-QRING 
CIRCUIT 



DUMMY 
LIGHT 

TRANSMISSION 

ciRcun- 



TRANSMISSION 

ciRCurr 



MONITORING 
CIRCUIT 



6 



DUMMY 
LIGHT 
TRANSMISSION 

aRcun- 



FIG.2 



3 



OPTICAL 
MULTIPLEXER 



Printed by Jouve. 75001 PARIS (FR) 



1 



EP0 949 776 A2 



2 



Description 

BACKGROUND OF THE INVENTION 

Field of the Invention s 

[0001] The present invention relates to an optical 
transmitter and an optical transmission method. It spe- 
cifically relates to an optical transmitter and an optical 
transmission method of transmitting light emitted from 
a resented light source in place of an active light source. 

Description of the Related Art 

[0002] The multiple wavelength optical transmission 
which allows an increase in transmission capacity per 
optical fiber has been serviceable for practical use. In 
the conventional multiple wavelength optical transmit- 
ter, an optical multiplexer multiplexes intrinsic wave- 
lengths of optical lights transmitted from respective n op- 
tical transmitters into one. which outputs it. The light out- 
put is a multiple wavelength optical signal including n 
wavelengths of optical signals. Therefore, the multiple 
wavelength optical signal possesses a transmission ca- 
pacity which is n times as large as that of one wave- 
length of optical signal. In other words, the transmission 
capacity per one optical fiber increases drastically. 
[0003] However, there are problems that follow in the 
above multiple wavelength optical transmission. First, 
signal lights to be wavelength-multiplexed have very 
close wavelengths to one another. Thereby, if a problem 
occurs on the optical transmitter so that the wavelength 
of a signal light to be transmitted changes, an interfer- 
ence to the adjacent wavelengths of signal lights occurs. 
This interference causes quality degradation of the com- 
munication. Moreover. If the output of a specific optical 
transmitter stops or its level goes down, the level of the 
signal light passing through another signal tine changes 
so that the quality of the communication degrades. This 
emanates from the fact that the optical amplifier placed 
on the multiple wavelength optical transmission channel 
controls the total level of signal lights so it is kept con- 
stant. In other words, when the level of a signal light 
goes down, the optical amplifier maintains the total level 
of signal lights as constant by raising the levels of other 
signal lights. As a result, the levels of the other signal 
lights change in the reception unit which receives a mul- 
tiple wavelength signal light. This causes quality degra- 
dation of the communication. 

SUMMARY OF THE INVENTION 

[0004] The objective of the present invention is to pro- 
vide an optical transmitter, a multiple wavelength optical 
transmitter, and an optical transmission method, where 
other communication lines are not greatly influenced 
even though an abnormality occurs in the optical trans- 
mitter which makes up a multiple wavelength optical 



transmitter so that the wavelength and/or level of a sig- 
nal light output changes. 

[0005] An optical transmitter according to one aspect 
of the present invention comprises: a first light source; 
an optical modulator which modulates the output light of 
the first source; a second light source; means for sup- 
plying output light from the second light source to the 
modulator instead of the output light from the first light 
source upon the occurrence of an abnormal change in 
the output light of the first light source. 
[0006] In another aspect, an optical transmitter of the 
invention comprises: a first light source; an optical nnod- 
ulator which modulates the output light of the first light 
source; a second light source; a monitoring circuit which 
monitors either the first light source or the output light 
at least; and a control circuit which stops the first light 
source from outputting and alk3ws the second light 
source to output an output light upon reception of a given 
signal from the monitoring circuit. Another optical trans- 
mitter according to an aspect of the present invention 
comprises: a first light source; an optical modulator 
which modulates the output light of the first light source; 
a second light source; an optical switch which selects 
and outputs eitherthe output light of the first light source 
or the output light of the second light source; a monitor- 
ing circuit which monitors either the first light source or 
the output light at least; and a control circuit which 
changes over the optical switch upon reception of a giv- 
en signal from the monitoring circuit. In that other optical 
transmitter, a system can be used where the second 
light source always outputs a light. Also, another system 
can be used where a light is output upon reception of a 
signal transmitted from the control signal. In the above 
optical transmitter, the output light of the second light 
source is a dummy light on which no signal is superim- 
posed. The wavelength and level are the same as those 
of a normal output light of the first optical light source. 
[0007] A multiple wavelength optical transmitter ac- 
cording to the present invention comprises: a plurality 
of optical transmitters, each being described above; and 
an optical multiplexer which multiplexes the output lights 
which have been output from the plurality of optical 
transmitters. According to an optical transmission meth- 
od of the present invention, either the wavelength or the 
level of the output light of the optical transmitter at least 
is monitored. And when either one of them falls within 
the range of abnormal values, a dummy light is output 
from a reserved light source, in place of the output light. 
[0008] According to the above present invention, 
when the output light from an optical transmitter chang- 
es, a dummy light is quickly transmitted from the optical 
transmitter. Therefore, In the multiple wavelength optical 
transmission, the communication qualities of the other 
lines do not degrade. 

BRIEF DESCRIPTION OF DRAWINGS 

[0009] The above and other objects, features and ad- 
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vantages of the present invention will become apparent 
from the following detailed description when taken in 
conjunction with the accompanying drawings, wherein: 

FIG. 1 is a block diagram of the conventional multi- 5 
pie wavelength optical transmitter; 
FIG. 2 is a block diagram of a multiple wavelength 
optical transmitter according to the present Inven- 
tion; 

FIG. 3 is a block diagram of a transmission circuit; 
FIG. 4 Is a block diagram of another multiple wave- 
length optical transmitter according to the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0010] As shown in FIG. 1, in the conventional multi- 
ple wavelength optical transmitter, n optical transmitters 
10 transmit respective intrinsic wavelengths XI to Xn of 
optical signals. The output ports of the optical transmit- 
ter 10 are connected to n Input ports of an optical mul- 
tiplexer 3, respectively. The optical coupler 3 multiplex- 
es n optical lights which have entered the n input ports, 
into one, outputting it through its own output port. The 
light signals entering the Input ports of the optical mul- 
tiplexer 3 have respective intrinsic wavelengths, so that 
the optical signal which is output to the output port is a 
multiple wavelength optical signal including the wave- 
lengths XI to Xn of the optical signals distributed along 
the wavelength axis. Therefore, the transmission capac- 
ity is n times as large so the transmission capacity per 
optical fiber increases drastically. 
[0011] With reference to FIG. 2, the multiple wave- 
length optk^al transmitter according to the present inven- 
tion comprises an optical multiplexer 3 and n optical 
transmitters 1 . The output ports of the optical transmit- 
ters 1 are connected to n input ports of the optical mul- 
tiplexer 3. The optical transmitter 1 comprises a trans- 
mission circuit 2, a monitoring circuit 5, a dummy light 
transmission circuit 6, and an optical coupler 4. The out- 
put light of the transmission circuit 2 enters an input port 
of the optical coupler 4. The transmission circuit 2 is also 
connected to the monitoring circuit 5, and the monitoring 
circuit 5 Is connected to a dummy light transmission cir- 
cuit 6. The output port of the dummy light transmission 
circuit 6 is connected to the other input port of the above 
optical coupler 4. The other optical transmitters 1 also 
have the same structure. 

[0012] The operation of the optical transmitter will be 
explained below. The n optical transmitters 1 transmit 
respective intrinsic wavelengths of optical signals. Un- 
der nomnal conditions, the monitoring circuit 5 outputs 
a control signal which allows the transmission circuit 2 
to output an optical signal, whereas outputting a control 
signal which allows the dummy light transmission circuit 
6 to stop outputting a light. Thereby, the output port of 
the optical coupler 4 outputs the optical signal which is 



output from the transmission circuit 2. The transmission 
circuit 2 has a circuit which detects an abnormality of 
the transmission signal. If the abnormality detection cir- 
cuit detects an abnormality of either a laser diode or the 
light output at least, it outputs a signal for use in inform- 
ing the monitoring circuit 5 of the abnormality. The ab- 
normality that the abnormality detection circuit detects 
includes, for example, a change in the wavelength of the 
trcinsmission tight and the output of the transmission sig- 
nal. A method of detecting a change in the wavelength 
of a transmission light includes a method of monitoring 
the temperature of a laser diode and a method of mon- 
itoring the power of an optical signal specifically passing 
through an optical band pass filter, etc. An abnormality 
that the above abnormality detection circuit further de- 
tects includes degradation of a laser diode and a circuit 
failure. When the monitoring circuit 5 receives an abnor- 
mal signal from the above-mentioned abnormality de- 
tection circuit, it transmits a control signal to the trans- 
mission circuit 2 allowing the transmission circuit 2 to 
stop outputting an optical signal. At the same time, the 
monitoring circuit 5 sends a control signal to the dummy 
light transmission circuit 6. allowing the dummy light 
transmission circuit 6 to output a continuous light which 
has the same wavelength and level as that output from 
the above transmission circuit 2. The light output from 
the dummy light transmissfon circuit 6 Is transmitted via 
the optical coupler 4 to the optical multiplexer 3. The n 
output ports of the optical couplers 4 are connected to 
the respective n input ports of the optical multiplexer 3. 
The optical multiplexer 3 multiplexes the signal lights in- 
put from the n input ports into one, outputting It via the 
output port. The Arrayed Waveguide Grating and other 
related materials as well as a fusion-type optical coupler 
are used for the optical multiplexer 3. 
[0013] With reference to FIG. 3. the transmission cir- 
cuit 2 comprises: a laser diode 1 04, which outputs a con- 
tinuous light; an optical modulator (MOD) 103. which 
modulates the continuous light by a primary signal; and 
an abnormality monitoring circuit 108. The primary sig- 
nal, which has been input as an electric signal, enters a 
modulator drive circuit (DRV ) 102 via an interface circuit 
(INF ) 101 , and thereby it is then amplified to an electric 
power enough to drive the optical modulator (MOD ) 
103. The optical modulator (MOD ) 103 modulates the 
continuous light output from the laser diode 104 by the 
primary signal. The abnormality monitoring circuit 108 
monitors the output power and bias current of the laser 
diode 104 via the laser drive circuit (DRV ) 105. and also 
nnonitors the output power and transmitted wavelength 
of the modulated optical signal which has been 
branched by an optical branching filter 107. To detect a 
change In the wavelength of the branched light, a 
change in the power of a signal light, which has pene- 
trated a band pass filter (not shown in drawings ) placed 
between the optical branching filter 107 and the abnor- 
mality monitoring circuit 108, is detected. The power of 
the light which is branched can be detected by a photo 
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detector. Upon reception of a control signal from the 
monitoring circuit 5, the abnormality monitoring circuit 
1 08 stops the flow of the bias current for the laser diode 
104 so that the output of a light is stopped. 
[0014] As shown in FIG. 4, another optical transmitter 

7 comprises a transmission circuit 2. a monitoring circuit 
5, a dummy light transmission circuit 6. and an optical 
switch 8. The output light of the transmission circuit 2 
enters one of the input ports of the optical switches. The 
transmission circuit 2, is also connected to the monitor- 
ing circuit 5. and the monitoring circuit 5 is connected to 
the optical switch 8 and the dummy light transmission 
circuit 6. In the case where the monitoring circuit 5 does 
not control the dummy light transmission circuit 6, that 
is to say, where a dummy light is always output, the mon- 
itoring circuit 5 does not need to be connected to the 
circuit 6. The dummy light output from the dummy light 
transmission circuit 6 enters the other input port of the 
above optical switch. 

[0015] The operation of the optical transmitters 7 will 
be explained. The n optical transmitters 7 transmit the 
respective intrinsic wavelengths of optical signals. In 
normal conditions, the monitoring circuit 5 outputs a 
control signal, which allows the transmission circuit 2 to 
output an optical signal. It also controls the optical switch 

8 in such a manner that the optical switch 8 outputs the 
output light sent from the above transmission circuit 2. 
The dummy optical transmission circuit 6 always out- 
puts a continuous light which has the same wavelength 
and level as those of the output light of the transmission 
circuit 2. to the optical switch 8. Upon reception of a sig- 
nal sent from the monitoring circuit 5, the dummy optical 
transmission circuit 6 can also output a dummy light. 
[0016] The transmission circuit 2 in the optical trans- 
mitter 7 also has an abnormality detection circuit. If it 
detects an abnormality of either the laser diode or the 
output light at least, an abnormality signal is output to 
the monitoring circuit 5. The subjects that the abnormal- 
ity detection circuit is to detect have been described 
above. Upon reception of the abnormality signal from 
the atx>ve abnormality detection circuit, the monitoring 
circuit 5 transmits a control signal to the optical switch 
8, changing over the optical switch 8 so that the output 
of the signal light sent from the transmission circuit 2 is 
stopped, and a dummy light sent from the dummy light 
transmission circuit 6 is output, alternatively^ The optical 
switch outputs the dummy light to the optical multilexer 
3. 

[0017] The placement of the abnormality detection 
circuit in the dummy light transmission circuit 6 enables 
monitoring of the dummy light output at all times. 
[0018] It is noted that in the above configuration, the 
optical multiplexer 3 wavelength-multiplexes the signal 
lights transmitted from the optical transmitters 1 to 7 into 
one. transmitting it as a multiple wavelength signal light. 
The wavelengths of the signal light fall within a 1 .55 mi- 
crons band, whereas the intervals of the wavelengths 
fall within approximately 0.8 microns to 1 .0 micron, nor- 



mally. Definition of abnormal changes in wavelengths 
and levels is preferably made in the system design 
phase while taking the other conditions into considera- 
tion. 

5 [0019] As described above, according to the present 
invention, if an abnormality occurs in the optical trans- 
mitter, a continuous dummy light, which has the same 
wavelength and level as those of the signal tight, is sent 
in place of the signal light. This inhibits an occurrence 

10 of a possible interference among the signal lights and 
possible changes in the levels of other signal lights. 
Therefore, even if an abnormality occurs in a specific 
line, the communication qualities of the other lines can- 
not be badly influenced. 

IS [0020] While the present invention has been de- 
scribed in connection with certain preferred embodi- 
ments, it is to be understood that the subject matter en- 
compassed by the present invention is not limited to 
those specified embodiments. On the contrary, it is in- 

20 tended to include all alternatives, modifications, and 
equivalents as can be included within the spirit and 
scope of the following claims. 

[0021] Each feature disclosed in this specification 
(which term includes the claims) and/or shown in the 

2S drawings may be incorporated in the invention inde- 
pendently of other disclosed and/or illustrated features. 
[0022] Statements in this specification of the "objects 
of the invention" relate to preferred embodiments of the 
invention, but not necessarily to all embodiments of the 

30 invention falling within the claims. 

[0023] The description of the invention with reference 
to the drawings is by way of example only. 
[0024] The text of the abstract filed herewith is repeat- 
ed here as part of the specification. 

35 [0025] An optical transmitter according to the present 
invention stops the output of a signal light and transmits 
a dummy light, upon an occurrence of abnormality of the 
signal light output. If an abnormality detection circuit 
placed in the optical transmitter detects either a change 

40 in the power of the signal light or a change in the wave- 
length at least, a monitoring circuit stops the output of 
the signal light, and transmits a continuous light, which 
has the same power and wavelength as those of a nor- 
mal signal light, as a dummy light. The dummy light is 

45 output just after an abnorrr^lity of a signal light has been 
detected. Othenvise, the dummy light is always trans- 
mitted, and it is output from the optical transmitter by 
changing over an optical switch. 



1 . An optical transmitter, comprising: 

ss a first light source; 

an optical modulator which modulates the out- 
put light of the first light source; 
a second light source; 
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a monitoring circuit which monitors the first light 
source and/or the output light thereof ; and 
a control circuit which stops the first light source 
from outputting, and allows the second light 
source to output an output light upon reception 
of a given signal from the monitoring circuit. 

2. An optical transmitter comprising: 

a first light source; 

an optical modulator which modulates the out- 
put light of the first source; 
a second light source; 

means for supplying output light from the sec- 
ond light source to the modulator instead of the 
output light from the first light source upon the 
occurrence of an abnormal change in the out- 
put light of the first light source. . 

3. The optical transmitter, according to claim 1 or claim 
2, further comprising an optical coupler which cou- 
ples the output light of the first light source and the 
output light of the second light source. 

4. An optical transmitter, comprising: 

a first light source; 

an optical modulator which modulates the out- 
put light of the first light source; 
a second light source; 

an optical switch which selects and outputs ei- 
ther the output light of the first light source or 
the output light of the second light source; 
a monitoring circuit which monitors the first light 
source and/or the output light thereof; and 
a control circuit which changes over the optical 
switch, upon reception of a given signal from 
the monitoring circuit. 

5. The optical transmitter, according to any preceding 
claim, wherein the wavelength and level of the out- 
put light of the second light source are equal to the 
wavelength and level of the normal output light of 
the first light source. 

6. The optical transmitter, according to claim 5, where- 
in the second light source always outputs an output 
light. 

7. The optical transmitter, according to claim 4, where- 
in the second light source outputs an output light, 
dependent upon a signal sent from the control cir- 
cuit. 

8. The optical transmitter, according to claim 1 , 2 or 4, 
wherein the output light of the second light source 
Is a dummy light, on which signals are not superim- 
posed. 



9. A multiple wavelength optical transmitter, compris- 
ing: 

a plurality of optical transmitters according to 
s any preceding claim. 

10. An optical transmission method, comprising the 
steps of: 

10 monitoring the level and/or the wavelength of 

the output light of an optical transmitter, and 
outputting a light from a reserve light source in 
place of the output light when either the level or 
the wavelength of the output light, or both falls 

IS within a range of given abnonmal values. 

11. The optical transmission method, according to 
claim 12. wherein the wavelength and level of the 
light output from the reserved light source are equal 

20 to the wavelength and level of a normal output light 
of the optical transmitter. 

12. The optical transmission method, according to 
claim 1 2, wherein the light output from the reserved 

25 light source is a dummy light, on which no signals 
are superimposed. 

13. The optical transmission method, according to 
claim 12, wherein the output lights, which have 

30 been transmitted from the plurality of optical trans- 
mitters, are wavelength-multiplexed and transmit- 
ted. 
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